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(57) Abstiact 

A sui&ce structure of a sui&ce (10) adapated for movement relative to a fluid, said surface structure consisting of inter- 
secting band systems (11, 12).£acfa band system is in the form of ridges or depressions parallel to one another, and the two band 
systems(ll. 12) formanangle with the rektive direction ofmovement This network of band systems (11, 12) prevents the for- 
mation of bursts, whereby the firictional resistance between the sui&ce and the fluid is reduced considerably. 
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SURFACE STRUCTURE OF A SURFACE ADAPTED 
FOR MOVEMENT RELATIVE TO A FLUID 



The present invention relates to a surface structure 



10 



15 



20 



25 



of a surface adapted for movement relative to a fluid. * 

It is generally believed that a surface adapted for nove- 
ment relative to a fluid is to be as snooth as possible. A . 
well-known excunple of this is the conscientious manner 
in which the sailor grinds and polishes the outer surface 
of the hull. Another example is the transport of liquids 
in pipes where it is endeavoured to make the inside of 
the pipes as smooth as possible, in the belief that this 
will reduce friction losses. This belief is unwarranted; 
a given roughness reduces friction losses. 

On various occasions, attempts have been made to 
roughen the surfaces of especially ship's hulls in 
order to reduce friction losses. Thus, British patent 
specification 357,637 of 27th June 1930 proposes to 
provide a hull with a coating- having rasp-tooth formations. 
Here, one was on the right track, but no success was 
achieved because of the complicated formations and per- 
haps because of difficulty of coating a hull with plates 
of this type. Also on the right track is NASA Langley 
Research Center, Hampton, Virginia, according to a paper 
published by M.J. Walsh and L.M. Weinstein and entitled 
"Drag and Heat Transfer on Surfaces with Small Longitudinal 
Fins" (Seattle, Washington, July 10-12, 1978). According 
to this paper, fins of e.g. triangular cross-section are 
provided along a surface moving in a fluid. By "longi- 
tudinal" is meant that the fins. are directed in the 
direction of movement of the surface. This arrangement 
offers a certain improvement as compared with a smooth 
surface, but the friction can be reduced to a far greater 



To illustrate the activity adjacent a surface adapted 
for movement relative to a fluid, reference is made to 



extent. 
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a ship's motion in water. 

The ship's motion is restrained by vaxloua factors r- 
one of which is the frlctional resistance,' two forms of 
which are active, viz. laminar friction and friction 
produced by turbulence. The turbulent resistance is ' 
ultimately due to a flow transverse to the direction of 
movement and is many times greater per surface unit than 
the laminar resistance. It would be an ideal situation 
if the water flow along the surface could be kept laminar, 
and if the only deviation from the straight ^line were 
the water following the hull surface. 

That part of the turbulent water layer which is 
adjacent the hull surface has previously been called the 
laminar sublayer, but recent research has shown that 
this layer exhibits an intense turbulent activity. The 
la^tiinar friction and the slightest unevenness, also 
a microscopic iinevenness, in the surface as well as 
different distajices to this surface impart different 
velocities to the different water particles or particle 
groups. It should be noted that the different moving 
layers are not isolated from one another, and that a 
certain exchange of particle groups having different 
velocities is continuously taking place. In the contact, 
or friction, between particles of different velocity 
different degrees of "crowding" in different areas 
occtir. In areas having a higher "crowding", a higher 
pressure arises, while in other areas the opposite 
occurs. This primairy crowding effect forces the 
particles outwardly in different directions, which in 
turn causes further differences in the crowding 
intensity. 

When a positive pressure is to be equalized in one 
area, the particle groups having the least kinetic energy 



(low velocity bands) and therefore requiring the least 
centripetal force for a change of direction, will change- 
their direction, whereas the particle groups having a 
higher velocity will exert a smaller lateral pressure 
(Bernoulli's theorem), for which reason the particles 
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having the lower velocity and the higher pressure will 
tend to flow towards the area of smaller pressure. Since 
neither water nor air is co^ipressed or rarefied at velocities 
below the velocity of sound, each such transverse flow will 
5 be compensated for by a return flow. The total effect 
of these phenomena results in flows forming an angle 
with the main direction of movement. . 

It has been established that the intensity of these 
flows shows a certain intermittence resulting in periodi- 
10 cally recurrent bursts which constitute the main part 
of the total turbulence production. 

The splashes which occur when a jet of water is 
directed against. a surface are not the result of the 
rebounding of certain water particles; instead the 
15 particles are more or less powerfully forced out of the 
surface of the positive pressure produced by the crowding 
of the particles when they meet and are distributed along 
the surface. This positive pressure and consequently the 
splashes constitute, in principle, the same "crowding 
effect" as occurs during flow along a surface, the 
different degrees of the resulting pressure differences 
producing the bursts. 

The present invention has for its object to eliminate 
these transverse flows and thus the formation of bursts 
25 by means of a surface structure such that the particles, 
when they "slide" along the surface, encounter other 
surfaces - not any type of unevenness - at an angle causing 
their velocity to be decelerated as far as possible, and 
that the particles, to the extent that they have not been 
stopped, but have changed their direction at reduced 
velocity, encounter other surfaces and one another, pre- 
ferably from opposite directions. To this end, the surface 
has a structure comprising at least two intersecting 
band systeins forming an angle with the direction of move- 
35 ment. In this manner, it is possible, when the optim\im 

effect of this serial velocity deceleration is achieved, to 
dampen or cancel the intense turbulent activity adjacent 
the surface so that the innermost layer will be replacj_^_ 
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by a relatively calm layer where no bxirsts occur. 

The surface structxire according to the present 
invention may be in the form of bands of dams. Where 
appropriate, the dams may be replaced by channels- in 
which the water then flows at a lower velocity and at 
a higher pressure (Bernoulli's theorem) than in the 
flow intersecting them. 

The invention will be described in more detail in 
the following, reference been 'had to the accompanying 
drawing which diagramatically illustrates an anibodiment 
of the invention. 

The drawing shows a portion of a surface 10, for 
instance a surface on a ship or an aircraft with which the 
water och the air is in contact, or the inner surface 
of a pipe-line for conveying liquids or gases* The surface 
has two intersecting band systems of dams or ridges 11 and 12 
which are parallel to one another and together constitute 
a network. The relative direction of movement betv/een 
the surface 10 and the liquid or gas is indicated by the 
arrow 13. In the embodiment illustrated, the two band systems 

m 

intersect one another at right angles, but other angles 
of intersection are also possible. In the example illus- 
trated, the band systems form an angle of +45^ and *45*^, respec-. 
tively, relative to the direction movement, but also 
these values are not critical. As has previously been 
mentioned, the band systems need not necessarily be in the 
form of dams, but may also consist of intersecting 
ditches or channels. The height of the ridges and the . 
depth of the channels, respectively, may vary v/ithin 
certain limits, and it has been established that a height 
or a depth of less than 1 mm is fully adequate. 

The drawing also shows continuous ridges, but the 
desired effect can be achieved also with discontinuous 
ridges, i.e. rows of mutually spaced apart elevations. 
The same applies, of course, also when the band systems are 
in the form of channels. 

It will be appreciated that the production of the 
surface structure according to the invention is extremel^,^ 
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simple, which is an essential condition for its 
practical applicability. In actual practice, the 
ridges or channels may be formed by simple mechanical 
working of the surfaces that are swept by the water 
5 or the gas, but it is also possible to form the ridges 
or channels in compression moulded sheets which are 
glued or otherwise secured to the surfaces. 

The present invention provides a simple and efficient, 
surface structure in the form 'of a network effectively 

10 preventing the formation of bursts. In this manner, the 
frictional resistance of a relative movement of the type 
here concerned is reduced, and this means that the engine 
power of, for example, a ship can be reduced considerably 
without restricting the ship ' s speed. In other words, the 

15 invention offers a considerable saving of energy. 
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CLAIMS 

1. A surface structure of a surface (10) adapted 

for movement relative to a fluid, characterised 
in that the structure has at least two intersecting band 
systems (11, 12) forming an angle with the direction of 
5 movement, 

2. A surface structure as claimed in claim 1, 
characterised in that the two band systems 

- • 

(11, 12) intersect one another approximately at right 
angles • 

10 3. A surface structure as claimed in claim 1, 

characterised in that the two band systems 
(11, 12) form an angle of approximately +45^ and -45^, 
respectively, with the direction of movement (13) • 

4. A surface structure as claimed in claim 1, 2 
15 or 3, characterised in that the two* -band 

systems (11, 12) are formed by ridges parallel to one 
another . 

5. A siarface structure as claimed in claim 1, 2 
or 3, characterised in that the two band 

20 systems are formed by channels parallel to one another. 

6. A surface structure as claimed in claim 1, 2 
or 3, characterised in that the two band 
systems (11, 12) are formed by spaced apart elongate 
elevations. 

25 7. A surface structure as claimed i claim 1, 2 

or 3, characterised in that the two band 
systems are formed by spaced apart elongate depressions. 

8. A surface structure as claimed in any one 
of claims 4-7, characterised in that the 

30 ridges or elevations have a height and the channels 

or depressions have a depth, respectively, which is less 
than 1 mm. 
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